Introduction
============

Fanconi anemia (FA) is an autosomal recessive disorder characterized by chromosomal fragility. Patients with FA can develop progressive pancytopenia, myelodysplastic syndrome (MDS), and acute myeloid leukemia (AML), and they may also have physical abnormalities and solid cancers. It is a very rare disease affecting approximately 5 in a million newborns in Japan ([@B1]). Patients develop bone marrow failure during early childhood, which then progresses to MDS and AML during adolescence in many cases. This increases the risk of solid cancers, such as head and neck cancer, during adulthood, with a cumulative solid cancer incidence of 28% by 40 years of age ([@B2]). Hematopoietic tumors in these patients are actively treated by hematopoietic stem cell transplantation because it is the only curative treatment. For solid cancers, surgery is selected over chemotherapy due to chromosomal fragility.

We herein report a case of FA in an adult patient who developed tongue and superficial esophageal cancers following hematopoietic stem cell transplantation. This case is presented due to its significance as the first reported case of esophageal cancer in an FA patient in whom the cancer was detected as a superficial cancer and treated successfully by endoscopic submucosal dissection (ESD).

Case Report
===========

The patient was a Japanese man in his 30s. While his older brother had died from FA in infancy, his parents and younger sister had no notable medical history. He had been diagnosed with FA at 5 years of age when he underwent a detailed examination, and he received hematopoietic stem cell transplantation from his biological younger sister at 6 years of age. He had been regularly visiting his family physician since then.

He developed pain in his tongue approximately one month before being referred to our hospital. Upon consultation, his family physician identified a tumor with a white coating in his tongue. This was considered to be due to chronic graft-versus-host disease (GVHD), but the possibility of a malignant tumor could not be completely ruled out, so the patient was referred to our Department of Head and Neck Surgery for a detailed examination and treatment. He had no history of smoking or alcohol use and no medical history other than FA.

Blood tests performed during the examination did not show any abnormal findings, including tumor markers ([Table](#t001){ref-type="table"}). Fiberoptic laryngoscopy showed a white, elevated lesion in the left tongue root, which corresponded to a brownish area identified on narrow-band imaging (NBI) ([Fig. 1](#g001){ref-type="fig"}). A biopsy taken from this location was determined to be squamous cell carcinoma (SCC). Upper gastrointestinal endoscopy was performed for a detailed examination of double cancers and showed a poor vascular permeability pattern in the upper thoracic esophagus, which corresponded to a brownish area identified on NBI. Magnified NBI showed that the area was composed mainly of type B1 vessels, and the depth of invasion of the lesion was determined to be the epithelium and lamina propria mucosae (EP/LPM) ([Fig. 2](#g002){ref-type="fig"}). The area was seen as an unstained area when Lugol\'s solution was applied; however, multiple Lugol-voiding lesions were not observed close to the area. A biopsy taken from this location also showed SCC. Whole-body contrast-enhanced computed tomography (CT) did not identify any distant and lymph node metastases or any lesions in the esophagus. An area with slightly poorer contrast was identified in the left tongue root, suggesting that this location was the primary site of cancer in the tongue root. Given these findings, the patient was diagnosed preoperatively with cT1 N0 M0 cStageI \[Union for International Cancer Control (UICC) 8th edition\] oropharyngeal cancer (p16-negative), and cT1a N0 M0 cStageIA (UICC 7th edition) esophageal cancer.

###### 

Blood Tests Performed during the Examination.

  ----------------- ------- -------------
  Alb (g/dL)        4.6     4.0-5.0
  BUN (mg/dL)       19      8-22
  Cr (mg/dL)        0.79    0.6-1.1
  AST (U/L)         31      13-33
  ALT (U/L)         38      6-30
  ALP (U/L)         402     115-359
  LDH (U/L)         201     119-229
  T-bil (mg/dL)     0.9     0.3-1.2
  Na (mEq/L)        139     138-146
  K (mEq/L)         4       3.6-4.9
  Cl (mEq/L)        102     99-109
  CRP (mg/dL)       0.04    0-0.30
  WBC (/μL)         7,090   3,300-8,600
  RBC (×10^4^/μL)   509     435-555
  Hb (g/dL)         14.7    13.7-16.8
  Ht (%)            45.6    40.7-50.1
  Plt (×10^4^/μL)   22.7    15.8-34.8
  CA19-9 (U/mL)     18.5    0.0-37.0
  SCC (ng/mL)       1.2     0.0-2.0
  ----------------- ------- -------------

CRP: C-reactive protein, CA19-9: carbohydrate antigen 19-9, SCC: squamous cell carcinoma

![Findings on laryngoscopy. A white, elevated lesion was identified in the left tongue root (A). This region corresponded to a brownish area identified on NBI (B) and was classified as SCC on pathology.](1349-7235-58-0529-g001){#g001}

![Findings on upper gastrointestinal endoscopy. A white region characterized by a poor vascular permeability pattern was identified in the thoracic esophagus (A). The region corresponded to a brownish area identified on NBI (B). Lugol staining was performed, showing an unstained area corresponding to approximately 2/3 of the same region (C). Magnified NBI showed that the area was mainly composed of type B1 vessels (D), and the depth of invasion was EP/LPM.](1349-7235-58-0529-g002){#g002}

The cancer of the left tongue root was first treated by resecting the left tongue root, and then ESD was performed for the esophageal cancer. The specimen of the resected cancer in the tongue root is shown in [Fig. 3](#g003){ref-type="fig"}. A histopathological examination showed submucosal infiltration of atypical cells arranged in alveolar and solid patterns, suggesting that it was a moderately differentiated SCC. Atypical cell infiltration was also identified in the inner sections, and the resection margin was positive. A metastatic lesion was identified in one of the dissected lymph nodes.

![Surgical specimen of the tongue cancer. A positive margin was identified on inner section 10.](1349-7235-58-0529-g003){#g003}

After confirming that the general condition of the patient was stable following the surgery, ESD was performed to completely resect the esophageal cancer. A pathological examination showed some tumor cell infiltration into the lamina propria; however, the horizontal and vertical margins were negative with no invasion into the lymphatic or vascular systems ([Fig. 4](#g004){ref-type="fig"}). Based on these findings, the patient was diagnosed postoperatively with T1N1M0 pStageIII oropharyngeal cancer (p16-negative) and LPM ly-v-HM-VM-esophageal cancer, and curative resection of the esophageal cancer was achieved by ESD.

![Surgical specimen of the esophageal cancer. Growth of atypical squamous cells was identified on sections 2-7. Cells were found to have infiltrated into the lamina propria, and there was no invasion into the lymphatic or vascular systems.](1349-7235-58-0529-g004){#g004}

The tongue cancer had a positive margin; however, there was a high risk of serious complications if the patient chose to undergo additional chemotherapy or radiation therapy, given his FA background. Thus, following discussions with the patient, no additional treatments were given, and the patient has instead been carefully monitored on follow-up visits. Currently, six months after the surgery, the patient has been monitored as an outpatient and has not developed any recurrent disease.

Discussion
==========

FA is characterized by chromosomal instability due to defects in the DNA repair mechanisms, and 21 DNA repair genes involved in FA have been identified so far ([@B3]). A study demonstrated that 16% and 5% of FA patients developed hematological malignancies and solid cancers in their lifetime, respectively ([@B2]). Among the 21 genes associated with FA, BRCA1 and BRCA2 have been shown to be involved in the development of solid cancers ([@B4]); however, multiple mechanisms are likely involved in the development of solid cancers, since a single mutation is not sufficient to promote cancer development ([@B5]). Solid cancers in patients who did not undergo transplantation are often found to be SCC in the head and neck, as well as hepatic tumors, esophageal cancers, vulvar cancers, and brain tumors. SCC in the head and neck is the most common type of solid cancer found in patients who have undergone transplantation ([@B4]), and the cancer risk is 4.4 times higher in those who undergo transplantation than in those who do not ([@B4],[@B6],[@B7]). In general, cancer occurrence following hematopoietic stem cell transplantation is associated with chronic GVHD and is thought to be caused by radiation therapy and immunosuppression prior to and after hematopoietic stem cell transplantation, tumor-associated viruses, and mutations in p35 gene ([@B8]). Among SCCs, the incidence of esophageal cancer following hematopoietic stem cell transplantation is very rare, with only three cases reported in Japan ([@B9]-[@B11]). Outside of Japan, Alter et al. reported that none of 12 FA patients who received transplantation developed esophageal cancer ([@B12]). Hosoya et al. demonstrated that the esophageal mucosa of patients does not exhibit the pathological characteristics of chronic GVHD, which is found in the head and neck region ([@B11]). This may explain the low incidence of esophageal cancer following transplantation.

Both head and neck and esophageal cancers are commonly treated by surgical resection, chemotherapy, and radiation therapy, depending on the clinical stage of the disease. However, FA patients have congenital defects in the pathways to repair DNA crosslinks. Thus, DNA crosslinking anti-cancer agents, such as cisplatin, are difficult to prescribe to these patients, as they can significantly increase the risk of chromosomal breakage ([@B5],[@B13]), leading to serious side effects, even when administered at a low dosage. Targeted radiation therapy is an alternative option. However, Alter et al. ([@B14]) demonstrated that even targeted radiation induced serious unexpected side effects, including severe hematotoxicity, mucositis, stomatitis, and ulceration, leading to a treatment-associated mortality rate of 80% ([@B15]). Surgery is therefore recommended as the first treatment of choice for solid cancers in FA patients ([@B16],[@B17]). In terms of surgical resection, Kataoka et al. ([@B16]) suggested that surgical resections in FA patients should be minimally invasive, and treatment options should be considered for possible postoperative complications. A recent study demonstrated that photodynamic therapy (PDT) was effective as a minimally invasive strategy in these patients ([@B18]). Endoscopic resection is another effective technique that is less invasive than surgery. Ishihara et al. ([@B19]) reported that ESD had a significantly higher curability rate than endoscopic mucosal resection (EMR). In the present study, ESD was selected because the esophageal cancer was superficial, with a size of 35 mm, and had not metastasized to the lymph nodes. The patient was successfully treated with ESD and did not develop any intraoperative serious complications, such as bleeding or perforation, or postoperative complications, such as aspiration pneumonitis. This case was considered significant because it is the first reported case of superficial esophageal cancer in an FA patient that was treated successfully by ESD.

A positive margin was detected on pathology in the resected tongue cancer, suggesting that tumor cells may have remained around the lesion. However, no postoperative treatments were given in this case; instead, given the possible lethal complications that might be caused by chemotherapy and radiation therapy in FA patients, this patient has been monitored on follow-up visits. Kluter et al. ([@B20]) reported that FA patients who underwent surgery for head and neck cancer had recurrence within a mean of 16 months after the index surgery. Thus, the risk of recurrence is very high in the present patient, including in the tongue, where tumor cells likely remained. Therefore, the patient has been carefully monitored on his monthly visits to the Department of Head and Neck Surgery by clinical and endoscopic examinations for the early detection of recurrence. In addition, while curative resection of the esophageal cancer was achieved, the patient is being further monitored by upper gastrointestinal endoscopy every six months and CT every four months for the early detection of double cancers or recurrence in a different location.

Minimally invasive surgical resection is the first treatment of choice in FA patients who have undergone hematopoietic stem cell transplantation. Early detection is critical in these patients. Patients should be screened regularly for head and neck cancer, to which these patients are known to be predisposed. In addition, regular screening for double esophageal cancers by upper gastrointestinal endoscopy is needed, even in young patients. Whole-body cancer screening should be performed in FA patients because they are at risk of developing solid cancers across different organs of the body, and coordination with experts is needed once cancer is suspected.
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